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Abstract 
 
In this paper, we present and discuss data interoperability issues that limit the 
utilization of GIS Technology in Uganda and other similar developing countries. 
Using the European interoperability framework principles, organizational, 
semantic and technical interoperability issues pertaining to Uganda are discussed 
based on data collected from six major producers of spatial data. Organizational 
interoperability issues identified include lack of clear and harmonized policies on 
the exchange of spatial data across institutions and limited collaboration during 
data and systems development. The major semantic interoperability issues are 
associated to variations in feature semantics for duplicate datasets where 
different naming, coding and classification standards are used. Other semantic 
interoperability issues arise from using ‘equivalent’ spatial data in models that 
were designed for other environments such as those used for wetland 
assessment. Technical interoperability issues identified include variations in 
spatial reference systems and application of different constants to the UTM 
projection parameters. Documentation of data, development of policies on data 
sharing, implementation of awareness and capacity building programmes and 
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legislation on SDI are recommended as key steps towards achievement of spatial 
data interoperability in Uganda. 
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1. INTRODUCTION 
There is an increasing realization of the need to use information communication 
technologies (ICT) such as Geographical Information Systems for various 
applications in Uganda and other developing countries. This is manifested by the 
various policies that governments continue to develop geared at mainstreaming 
ICT in government core activities. In Uganda for example, a new ministry of ICT 
has been created to promote use of ICT in all government functions and most 
government departments are currently at various stages of developing platforms 
for providing e services to the public, the investors and the business community. 
In Uganda, examples of newly introduced e services include development of a 
computerized land information system that is to support, among others, online 
land registration; online access to tax records by the Uganda Revenue Authority; 
Computerization of citizen identification by issuance of computerized national 
Identification numbers; and road maintenance information system. 
 As the number of government organisations that utilise ICT in their operations 
increases, the need for accessing and exchanging data between various 
organisations will increasingly be realised. For example, while developing a 
spatially-based land Information System in Uganda, the requirement for 
identification and authentication of parties to a land transaction has demonstrated 
the need to access data beyond the Ministry in charge of lands and this has 
raised issues of interoperability, which were previously not relevant. 
Interoperability is defined as the ability of information and communication 
technology (ICT) systems and of the business processes they support to 
exchange data and to enable the sharing of information and knowledge 
(European Commission, 2004). Similarly, the ISO TC204 document N271, as 
cited by Kuhn (2005), provides a definition of interoperability as the ability of 
systems to provide services to and accept services from other systems and to 
use the services so exchanged to enable them to operate effectively together. 
Interoperability is thus a basic ingredient of data-sharing. Interoperability as a 
new concept in GIS science is a key requirement for data sharing and is enforced 
through adoption of consistent standards for spatial data technical specifications 
such as data formats, database schema, object concepts and application syntax. 
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 Interoperability issues in Uganda have not been given much attention essentially 
because previously, government functions were not computerized and 
interactions between government organisations were manual, often resolved by 
the intuitive powers of human beings. Recently, the government of Uganda has 
provided policy and legal framework for electronic transactions by instituting 
cyber laws such as Electronic Transactions Act (2011), Electronic Signatures Act 
(2011) Computer Misuse Act (2011) and the Land Information Systems Draft 
issues paper (2011). 
Institution of ICT transaction enabling laws implies that more complex interactions 
requiring exchange of digital data will be initiated between government 
organisations, the business community and the general public. However, 
implementation of the laws will require, first and foremost, establishing of 
frameworks for addressing interoperability issues. Elsewhere, the need for 
addressing interoperability has been identified at national and regional level by 
developing policies and infrastructures for exchange of digital data. The 
European Interoperability framework, Infrastructure for Spatial Information in 
Europe (European Commission, 2007), The US Spatial Data Infrastructure 
(Clinton, 1994) and the Asia and Pacific Spatial Data Infrastructure (Rajabifard 
and Williamson, 2003) are good examples. 
Although these examples provide a good foundation for developing similar 
frameworks in Uganda and other developing countries, Williamson (2001) notes 
that relevant information-sharing infrastructures should be developed after 
understanding the needs of the society, the operating social system environment 
and technical environment that the infrastructure is to support. 
This paper discusses interoperability issues pertaining to the use of spatial data 
in Uganda. The application and development of GIS in Uganda presents a good 
case study for interoperability in e government, simply because GIS is 
increasingly disseminating the Ugandan market and GIS systems cannot work 
without accessing data layers held in spatial databases from other institutions.  
2. APPROACH TO INTEROPERABILITY ASSESSMENT 
In this study, interoperability was broken down into sub-components of 
organizational interoperability; semantic interoperability and technical 
interoperability as specified in the European Interoperability Framework 
(European Commission, 2004). Assessment of interoperability along the three 
aspects provided a structured and comprehensive framework for describing of all 
the salient issues pertaining to spatial data accessibility and utilization in Uganda.  
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2.1. Assessing Organizational Interoperability 
Organizational interoperability can be seen as an important enabler of all aspects 
of interoperability, semantic as well as technical (Hellman, 2009). Therefore 
organizational interoperability is a first precursor to spatial data exchange. The 
organizational aspect of interoperability as defined in the European 
Interoperability Framework document (European Commission, 2004) is 
concerned with interactions between institutions that wish to exchange 
information and may have different internal structures and processes.  
In this study, a semi-structured interview was used to collect data about 
organizational interoperability. The interview targeted data managers from six 
government organisations which are potential key players in spatial data sharing 
in Uganda. More emphasis was put on assessing the preparedness of 
organisations to collaborate rather than assessing the current interactions.  
Figure 1: SDI Components  
 
 
 
 
Source: Rajabifard and Williamson, 2001 
The latter would not yield results since digital transaction processing is still at 
infant stage in Uganda. Availability of knowledge of spatial data infrastructures 
(SDI) within an organization and willingness to participate in SDI initiatives are 
essential factors in promoting organizational interoperability. A Spatial Data 
Infrastructure promotes interoperability by forging partnerships between various 
players in the spatial data industry to share spatial data and other resources. SDI 
components include people involved in generation and use of spatial data; 
access networks through which information is accessed; spatial datasets 
developed based on agreed common and consistent standards; and harmonized 
policies for accessing the datasets (Rajabifard and Williamson, 2001). The 
linkage between the above components is presented in Figure 1. In the figure, 
the organizational aspect of interoperability is closely related to the “people” and 
“policy” components of SDI 
International Journal of Spatial Data Infrastructures Research, 2012, Vol.7, 488-507 
 
492 
 
Real World Object 
1
Database 1
Model Object 1
Database 2
Model Object  2
C
on
te
x
t (
o1
)
C
ontext 
(o2)
SemPro(o1, 02)
Context
2.2. Assessing Semantic Interoperability 
The European Interoperability Framework categorizes semantic interoperability 
as that aspect concerned with ensuring that the precise meaning of exchanged 
information is understandable by any other application that was not initially 
developed for this purpose. Semantic assessment and translation are key 
aspects of interoperability because the two ensure that spatial data exchanged 
between different organizations is consistent in terms of meaning. Additionally, in 
Uganda and other developing countries where GIS analysis predominantly 
involves use of imported models, assessment of data semantics is important to 
analyze the applicability of imported models on local datasets. 
Assessment of semantic similarities involves comparison of the meanings of 
concepts used in various GIS databases for the purpose of establishing the 
necessary links between different spatial ontologies. Many approaches for 
semantic similarity assessment such as semantic networks (Rodriguez, 2000), 
the knowledge base approach (Mostafavi et al, 2004; Mostafavi, 2006) and 
Semantic Proximity approach (Kashyap and Sheth, 1996) have been employed 
for semantic similarity assessment. A major characteristic amongst all the above 
techniques is that meanings of concepts in two databases are compared before 
deriving a new ontology. The latter approach however, has an added advantage 
that the context of object or concept development in the databases is taken into 
account during the comparison (see Figure 2). Because of this reason, this study 
employed it for assessing the variations in semantics in the spatial data from six 
key spatial data institutions. Sample datasets were collected from the institutions 
and analysed within ESRI’s ArcGIS 9.2®  
Figure 2: Semantic Proximity between two objects 
 
 
 
 
 
 
 
Source: Kashyap and Sheth, 1996 
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Semantic Proximity approach (abbreviated as SemPro) characterizes semantic 
similarities between objects by use of context, abstraction, object domain 
definitions and states in two spatial databases being compared. Abstraction 
refers to the process of mapping objects from one database to another database 
within a specified context. The domain refers to range (or a set) where an object 
can assume a value, while state refers to the current value or instance of the 
objects in the databases.  
2.3. Assessing Technical Interoperability 
In the European Interoperability Framework document, technical interoperability 
encompasses key technical/technological aspects such as open interfaces, 
interconnection services, data integration and middleware, data presentation and 
exchange, accessibility and security services. This definition compares with the 
technological interoperability definition (ESRI, 2003) which is the ability of a GIS 
to integrate services and data from multiple sources and in different formats. 
 In this study, the assessment specifically dealt with spatial data integration 
technical issues because some institutions with GIS systems had already 
experienced some of the issues. Secondly, spatial data is the most important and 
expensive aspect while developing SDI and as such, early efforts to identify 
spatial data integration issues will save costs related to rectifying inconsistencies. 
Jensen et al (2007) identified three types of spatial data integration as horizontal 
integration (merging adjacent datasets), vertical integration (operations involving 
the overlaying of maps), and temporal data integration. In relation to the above, 
four key spatial data integration issues encountered by GIS implementers, as 
identified by Devogele (2002), are the variations in reference ellipsoids, map 
projections, coordinate systems and scale. These four issues formed the basis 
for the analysis of geometrical integration of spatial data held by six key spatial 
data institutions in Uganda 
2.4. Overview of institutions involved in the assessment 
To identify interoperability issues in Uganda, case study assessments were 
undertaken in six institutions. The institutions are major potential contributors of 
spatial data that are required for priority GIS analysis in Uganda. The institutions 
are (i) Uganda National Forest Authority(NFA), (ii) Uganda Bureau of Statistics 
(UBOS), (iii) Directorate of Water Development (DWD),(iv) National Agricultural 
Research Institute(NARO), (v) Ministry of Works and Transport(MW&T), and (vi) 
Wetlands Management Department.  
The Uganda National Forest Authority is a government semi-autonomous body 
responsible for protection of forests in Uganda. The Authority was the first 
organization to embark on computerization of spatial data in Uganda. Through 
the NORAD funded National Biomass Project, NFA compiled the land cover 
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dataset by analyzing SPOT imagery captured over the period 1989-92. Because 
of scarcity of spatial data in the country at the time, NFA further compiled the 
roads dataset, the Hydrography dataset, the Digital Elevation Model and the 
Administration Boundaries dataset. The additional datasets were compiled to 
improve visualization and interpretability of the land cover layer since they could 
not be acquired from any agency at that time. Ever since, NFA has been the 
major provider of the above datasets to GIS users in Uganda. 
The Uganda Bureau of Statistics (UBOS) is a semi-autonomous governmental 
agency responsible for coordinating, monitoring and supervising the National 
Statistical System in Uganda. The Bureau is responsible for compiling and 
updating the Administration Units (or administrative boundary) dataset as well as 
the social economic dataset. UBOS has been updating this dataset for the 
population and census studies that take place every ten years. The 
Administrative Units dataset is updated through GPS surveys once new units 
have been formed. The Bureau assigns a unique identifier for each newly formed 
administrative unit in collaboration with the Ministry of Local Government.  
The Directorate of Water Development (DWD) is a directorate within the Ministry 
of Water and Environment. It provides a supervisory and monitoring role for 
planning, implementation and the delivery of urban and rural water and sanitation 
services across the country, including water for production. Within the spatial 
data equation, the Directorate maintains the hydrography dataset at national 
level. The DWD hydrography dataset comprises of permanent rivers, channels, 
and inland shorelines. A separate shape file contains information on lakes and 
other water bodies. 
The National Agricultural Research Institute (NARO) is a ppublic Institution 
established by an act of Parliament to guide and coordinate all agricultural 
research activities in Uganda. NARO is the custodian for the Soils dataset, which 
is an important dataset considering that Uganda is an agricultural country. The 
National Soils dataset was compiled at a scale of 1:250,000 in 1996 from 17 soil 
map sheets, based on the soil survey of 1960. Though relatively old, the dataset 
is still the only source of spatial information for analyses that require soil 
information. 
The Ministry of Works and Transport (MW&T) is responsible for planning, 
developing and maintaining the transport infrastructure as well as managing 
public works including government structures in Uganda. The ministry, through 
the RAMPS project has compiled a roads dataset with support from DANIDA, a 
Danish NGO. The purpose of the dataset is to improve road maintenance in the 
country and includes attributes such as road surface type and road condition. 
This dataset was compiled in 2004 and is continually being updated. 
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The Wetlands Management Department falls under the Ministry of Water and 
Environment. It is responsible for sustainable management of Uganda’s wetlands 
for current and future generations. The Department provides technical 
backstopping to local governments and other stakeholders for wetland 
assessment, management and institutional development. Through the Support of 
the Netherlands Government, the Department compiled a wetlands dataset 
through wetland inventories and GIS mapping. The dataset was updated through 
another project funded by the Belgian Technical Cooperation (BTC) and a partial 
update is planned in mid-2012 to be funded by the Japanese International 
Cooperation Agency (JICA).  
3. SPATIAL DATA INTEROPERABILITY ISSUES IN UGANDA 
3.1. Organisational Interoperability Issues 
Within the context of spatial data utilisation, organisational interoperability is 
facilitated by an efficient and relevant Spatial Data Infrastructure. However, this is 
lacking in Uganda largely because government has been slow in putting in place 
legal, institutional frameworks and mechanisms for setting up a National SDI. The 
current efforts for setting up a national SDI are well documented in many 
government commissioned studies such as: 
1. The Design and Development of Geographical Information System for 
Uganda (GoU, 2001); 
2. Review of the Status of Land Information Systems in Uganda Kampala 
(GoU,2003); 
3. Detailed Plan for the Design and Implementation of a Land Information 
System for Uganda (GoU,2005); 
4. LIS Preliminary System Design and Architecture (GoU, 2007) 
During data collection, it was identified that all the six institutions visited did not 
have clear policies on sharing of spatial data. The GIS Managers would not have 
readily available answers to questions like “what policies govern exchange of 
spatial data from your institution?”, “what is the procedure for acquiring a dataset 
from your organisation?” In all the six institutions, the Data Managers would insist 
on presentation of an introductory letter, specifying that the data was not to be 
used for commercial use, lest they would go ahead and issue an invoice. 
The above two options for data accessibility (free access and sale) were not 
documented in any way and it would appear that the Data Managers were using 
their discretion to decide on the data accessibility options for a particular user. 
Like in other previous studies mentioned above, it was identified that many of the 
data sharing issues such as data distribution, pricing policy, liability, user rights 
and obligations were not properly understood within the institutions and more so, 
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to the data managers. This is an indicator that the ‘people’ and ‘policy’ parts of 
the SDI are still under-developed and this calls for awareness and capacity 
building as means to promote organisational interoperability. 
 Although all the datasets used for this study were acquired free of charge, no 
user agreement was signed with any of the six institutions, and no obligations 
regarding use were communicated to the researchers. This further demonstrates 
the low level of preparedness for institutions to exchange spatial data in Uganda.  
Further consultations were made with the Ministry of Lands Housing and Urban 
Development where the Government of Uganda, through a World Bank funded 
project is computerising the land Information system (LIS). The Land information 
system is to integrate land information from the Ministry’s Departments of (i) 
Surveys and Mapping, (ii) Land Registration, (iii) Land Administration, as well as 
information from District Land offices. One of the problems already encountered 
during the design phase is adoption of different parcel reference systems within 
various Departments of the same ministry. In the current setting, all the 
information regarding a particular parcel cannot be traced among the 
Departments of the ministry and this is a clear case of an intra-organisational 
interoperability problem. Furthermore, LIS is designed to capture detailed 
information on parties (persons) who are parties to a land transaction. 
Apparently, the database for identifying people is mandated under the Ministry of 
Internal Affairs where a project on National ID is underway. Apart from the LIS 
person identification database to be developed, there are a number of other 
similar databases being developed by tax authorities, banks, telecommunication 
companies and many others. Since these databases are being developed without 
coordination, there is a potential threat that exchange of data will be problematic 
once interoperability moves to a higher level of sophistication. The capacity of the 
organisations to update these databases is also a major concern.  
Finally, a major bottleneck affecting organisational interoperability is that of the 
delay by the Government of Uganda to enact and implement a law that promotes 
sharing of spatial data or other data across institutions. There are currently no 
efforts to assign mandates for data capture, maintenance, custodianship and 
distribution. This is exemplified by the number of institutions which use public 
funds to duplicate data capture efforts and end up maintaining similar datasets 
but with variations in semantics. A good example of this is the roads dataset 
which can be acquired from the Ministry of works and Transport, Uganda national 
Roads Authority, National Forest Authority as well as from the Department of 
Surveys and Mapping. Similarly, the hydrographic dataset can be acquired from 
the Department of Surveys and Mapping, Directorate of Water Development and 
the National Forest Authority. However these datasets differ in feature semantics. 
An organisational interoperability sensitive law or policy should, among other 
things, designate a coordinating body and compel institutions using public funds 
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(including donor funds) for capturing spatial data or developing e services, to 
seek guidance from such a body. In doing this, issues of duplication, semantics 
and technical integration will be addressed.  
3.2. Data Semantic Interoperability Issues 
Among all the aspects of interoperability, semantic interoperability is the least 
understood and appreciated in Uganda. This is not surprising, according to the 
stage sophistication model (Wauters et al, 2006), as cited by Hellman (2009), 
where interoperability becomes a requirement once an organization tends to the 
topmost stages (see figure 3). 
Figure 3: Stage Model 
 
 
 
 
 
 
 
 
 
 
 
 
Source: Wauters et al, 2006 
In Uganda, most organisations do not have any services online, a number are 
currently putting some of the information online while very few and mainly those 
in the private sector have reached the case handling stage. Interoperability 
issues associated with data semantics have not yet posed a big threat to GIS 
analysis because of limited exchange of digital spatial data. However, semantic 
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related issues will be fully understood once organisations reach the top levels of 
the model and begin encountering problems in data exchange. 
Among the six institutions covered in this study, neither of them had reached the 
interoperability level (topmost stage) and only one of them (UBOS) had some 
limited data online (near stage 2). With or without data online, it was still possible 
to identify semantic issues based on the datasets acquired from the 
organisations.  
The first category of semantic issues includes those associated with use of 
inconsistent field names, field types and classification schemes (subtypes). A 
typical example is the Roads dataset from NFA when compared with the Roads 
dataset from the Ministry of Works and Transport using SemPro (explained 
above). Furthermore, a major weakness associated with semantic similarity 
assessment in this case was that the datasets were not documented. Therefore, 
information about the context of the dataset and meanings was acquired by 
discussing with data managers as well as professionals who had previously used 
the data. With respect to context, the NFA roads dataset had been compiled to 
support navigation and therefore, attributes depicting the road type, condition and 
usability were emphasized. The context of the roads dataset from the Ministry of 
Works and Transport was road maintenance. Therefore attributes such as the 
class of road (national, district, community) and condition of the road were 
emphasized. Table 1 summarises the semantic variations in the roads, 
hydrography and administrative boundaries datasets and confirms that the 
datasets are semantically inconsistent. 
The second source of semantic issues most common in Uganda is the use of GIS 
models developed in other environments on local datasets in Uganda. Uganda 
benefits substantially from donor funded projects and in many of these projects, 
data formats and models from the funding countries are introduced. Since models 
presuppose data in specific formats with predefined semantics, it is necessary to 
undertake semantic similarity assessment before applying imported models on 
local datasets. A case that was used in this study is the SWAMP wetland 
assessment model developed in South Carolina (ACE Basin) but ‘imported’ for 
predicting wetland functional capacities in Uganda. In this case, semantics of 
source datasets in ACE basin were compared with the semantics in the 
equivalent Ugandan datasets covering Lake Kyoga Basin. During the semantic 
mapping processes using the SemPro approach (see above), and the concept of 
weights as proposed by Rodriguez and Egonhofer (1999), weights of 1 to 4 were 
assigned to reflect the degree of matching between objects in the two databases. 
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Table 1: Semantic Interoperability Issues in the Hydrography, Roads and 
Administrative Units Datasets 
Organisations Dataset Compared fields Semantic issues 
identified 
NFA and DWD Hydrography Unique Feature 
identifiers 
Existed in both datasets 
but differed in type and 
codes. 
Feature 
classifiers 
NFA dataset 
classification includes 
sizes of streams and 
water regime while DWD 
only identifies streams 
and shore lines. Different 
codes are used. 
NFA and UBOS Administrative 
Units 
Feature identifiers Are different in the two 
databases 
Feature attributes Attributes differ 
Feature names 
and codes 
Different codes are used 
for similar units. However 
same names are 
maintained  
 Attributes differ 
NFA and Min of 
Works and 
Transport 
Roads Identifiers Differ in types and codes 
Feature 
classification 
Feature classification 
fields differ  
attributes Differ in two datasets 
 
Consequently, four cases that reflected varying levels of mapping were identified:  
 Case 1: An ACE Basin database object had the same meaning as Lake 
Kyoga Basin database object (1:1). This was the desired outcome and 
implied that the model variable would not introduce semantic related 
errors in the predictions. 
 Case 2: An ACE Basin database object had a broad meaning 
encompassing many object definitions in the Lake Kyoga Basin database 
(1: many). This literally meant that SWAMP results would be generalised 
as a result of merging object definitions.  
 Case 3: An ACE Basin database object had a meaning that could be 
mapped by modifying the classification system of objects in the Lake 
Kyoga Basin database. In this case, adjustments would require a new 
classification system. 
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 Case 4: An ACE Basin database object had a meaning that was 
completely different or not defined in the Lake Kyoga Basin database. 
This implied total incompatibility and hence unsuitability of local data on 
the model.  
The summary of results from the matching process is presented in Table 2 below. 
Table 2: Results of Object Matching for ACE and Lake Kyoga Domains 
Mapping Value % of objects 
Case 1 5 
Case 2 20 
Case 3 20 
Case 4 6.7 
 
From Table 2, it is evident that 95% of the objects in the two databases 
possessed variations in semantics, though at varying levels. These variations are 
potential sources of errors in model predictions and hence should be identified 
before models from other jurisdictions are applied on local datasets. 
3.3. Technical Interoperability Issues 
As mentioned earlier on, this study investigated geometrical integration issues as 
key aspects of technical interoperability. The other aspects were not prioritised 
because of the low development of online data exchange services. The issues 
identified under the geometrical integration included spatial reference systems 
and uncoordinated feature development approaches. These are discussed 
below: 
3.3.1. Spatial reference systems 
Variation in spatial data referencing causes misalignment and displacements in 
spatial location of feature layers within a GIS workspace. For the datasets used in 
this study, variations were observed in coordinate systems, data compilation 
scales and datum. In general, four different coordinate systems were identified. 
Although variations do exist in coordinate systems, many datasets in Uganda are 
still based on the UTM (Zone 36N) coordinate system. This coordinate system 
adopted Clarke 1880 as the figure of the Earth, and Arc 1960 as the datum. The 
above reference system is commonly in Uganda for the reason that it has for a 
long time become a standard for the Department of Surveys and Mapping, the 
institution that is mandated to set standards for geospatial data in Uganda. 
However, there are plans to shift from this reference system (Arc, 1960) to WGS 
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84 (Okia and Kitaka, 2001) because most recent spatial data such as satellite 
images and GPS observations are based on WGS 84 datum. 
Local adjustments to the standard coordinate systems in form of constant shifts 
to the origin were identified in the spatial datasets. For example, UBOS and NFA 
have shifted the Northing Origin of their spatial datasets from 0m to 10,000,000m 
and 200,000m respectively. Although the problem of local shifts is easily 
addressed in some GIS software such as ArcGIS, this is only possible when the 
constants are documented and are supplied as metadata, alongside the data. 
However, this does not appear to be the case in Uganda, where documented 
metadata does not exist in many institutions. 
Figure 4 graphically demonstrates the shifts between some datasets in Uganda 
as they would appear in a GIS workspace. When displayed at small scales, some 
of the shifts such as those between Lands and Survey data (Arc 60) and GPS 
data (WGS 84) may not be visible. However, these errors could still appear in any 
spatial operations combining the two datasets. 
Figure 4: Effect of Constant Shifts on the Ugandan Datasets 
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3.3.2. Limitation of UTM Coordinate System for Seamless Mapping in 
Uganda 
As already mentioned, many institutions that produce spatial data in Uganda 
have adopted the UTM coordinate system, because it is the standard set by the 
Department of Surveys and Mapping. UTM is a worldwide projection that divides 
the world into 60 zones and each zone is 6 degrees of longitude wide. The zones 
are numbered, starting from zone 1 which runs from the 180° to the 174°W line of 
longitude, with numbers increasing westwards. For the northern portion of each 
zone, the origin is defined as 500,000mE, 0mN, while for the southern portion of 
the zone, the origin is defined as 500,000mE, 10,000,000mN. Although this 
convention is used to avoid having negative coordinates for areas south of the 
equator, it introduces a dual coordinate system when mapping countries such as 
Uganda, that fall north and south of the equator. 
In order to distinguish between locations north and south of the equator, some 
software such as ArcGIS require that data collected from north and south of the 
equator should be entered as separate files. Each of the files must then be 
entered with a spatial reference that specifies whether the data is north or south 
(e.g. UTM Zone 36N and Zone 36S). On the other hand, software such as 
AutoCad Map that are not sensitive to map projections, expect the data to be in 
consistent coordinates for seamless mapping. Obviously, the issue of map 
projections is a problem for both types of software, and needs to be addressed in 
a consistent manner. 
In order to process a seamless digital map of Uganda, the immediate solution is 
to deduct the Northing coordinates of points in the southern hemisphere from a 
constant such as 10,000,000m so that all the coordinates are positive. The 
Pseudo code for this procedure, which was used to check locations in this study, 
is annexed to this paper (see Annex 1) 
Although a consensus had been reached at a GIS taskforce meeting (see GoU, 
2001) to adopt 10,000,000m as the northing origin, this has not been 
implemented and institutions have continued to address the problem differently. 
This will therefore continue to be a major source of inconsistency, if not 
appropriately addressed.  
3.3.3. Abstraction and Feature development 
Development of a spatial database for GIS applications is more demanding in 
terms of feature compilation and editing than developing one for CAD or simple 
data visualisation. Whereas GIS data must be cleaned to ensure that small errors 
such as dangles and silver polygons are removed, this is not of paramount 
essence in CAD. Indeed, the spatial databases in this study contained topological 
errors and hence this suggests that they are not ready for GIS analysis, but their 
utilisation is limited to data visualisation/CAD. For example, in the roads datasets, 
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road segments do not logically represent the real-world situation in consistence 
with the generic transportation data models; in some cases, a natural continuous 
road segment between two stops is represented in the database as a series of 
line segments, while in other cases line segments stretch beyond junctions where 
they should have stopped. 
This underdevelopment of features in the spatial databases limits their 
applicability for GIS analysis and hence renders spatial database maintenance 
cost not justifiable.  
4. SUMMARY AND CONCLUSIONS  
When it comes to spatial data interoperability, Uganda is still at the preliminary 
stages and this has been caused by manual processing of spatial data by 
government bodies. Although the government has made policies and laws that 
support digital transactions for the business community and the general public, 
little effort has been made in ensuring interoperability of business processes and 
associated data. In the spatial data industry, the availability of multiple 
government organisations with similar but semantically different datasets is a 
manifestation of lack of efforts towards ensuring organisational, semantic and 
technical interoperability. The current project on development of a Land 
Information system (LIS) where identification and authentication of parties to a 
land transaction requires access to national ID database is a clear example that 
interoperability should be a major agenda for the government of Uganda. 
Documentation of datasets and processes as part of organisational culture is still 
missing in Uganda. Without documentation of datasets, their discovery and 
utilisation will be limited to the organisations where they are produced. Without 
metadata developed for digital data, the role and applicability of the digital data is 
hardly beyond the previous role of the manual records. Therefore efforts invested 
in computerisation without producing metadata are almost futile efforts. 
Interoperability at organisational, semantic and technical levels will only be 
achieved if organisations change their culture about documentation. This will 
require considerable effort in awareness and capacity building. 
Interoperability of spatial datasets will increasingly become a big issue as more 
institutions recognise the benefits of using GIS in their operations. Postponement 
of efforts to address the bottlenecks of data sharing will lead to increments in the 
number of non–interoperable datasets in Uganda. This will eventually lead to 
increased investment in efforts to rectify inconsistencies when data sharing 
becomes inevitable. An SDI is seen as a means towards addressing 
interoperability issues in a unified and sustainable manner. 
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ANNEX 1: PSEUDO CODE FOR CHECKING POINTS IN SOUTHERN AND 
NORTHERN HEMISPHERE IN UGANDA 
 
Declare const 
 Nc float:  //Constant to be added  
Declare variables 
 Nu float  // UTM northing of the coordinate pair 
 E float    // easting coordinate of the coordinate pair 
 N float  //corrected northing 
Read constant (Nc)  // specifies the constant to be added 
While Not eof()  // checks if end of file is not reached 
Read variables E, Nu  // reads values into memory 
If (Nu > 500,000)  //all northing coordinates in Uganda must be less than //500km. 
all 
// points with northing more than 500,000 are southern 
//hemisphere coordinates or errors. 
& (nu < 9,800,000)  // all southern coordinates in Uganda must be less //than 
//200km south of equator. 
N = (nu – 10,000,000) + nc  // removes the false origin from southern //coordinates 
and adds // a constant 
Else  // checks if the northing is for //a point in the northern 
hemisphere 
N = nu     // stores the point without any adjustment 
print <</n (E,N)  // outputs the corrected coordinates //each on a new 
//line 
Until Eof()    // terminates on reaching end of file. 
END 
